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(57) Abstract 

In a plasma processing system for processing substrates such as semiconductor wafers, deposition of polymer in an area (30) between 
a focus ring (16) and an electrostatic chuck (14) in a plasma processing chamber (10) is achieved by providing a clearance gas in a gap 
between the chuck and the focus ring. A series of channels delivers the clearance gas to the annular gap between the outer surface of the 
substrate support and the inner surface of the focus ring surrounding the substrate support. The clearance gas supplied to the annular gap 
is preferably a gas such as helium which will not affect the wafer processing operation. In the case of plasma etching, the clearance gas 
is supplied at a flow rate which is sufficient to block the migration of process gas and volatile by products thereof into the annular gap 
without adversely affecting edge etch performance. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


At) 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


CH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


CN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BV 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'lvotre 


KP 


Democratic People's 


NZ 


New Zealand 






CM ' 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







L 



b.\3Ccc;:j <wo 



9314S36A1_.I_> 



WO 98/14636 



PCT/US97/17663 



-1- 

APPARATUS FOR REDUCING POLYMER DEPOSITION ON 

SUBSTRATE SUPPORT 

Field of the Invention 

The invention relates to an apparatus and method for reducing polymer 
buildup in a plasma processing chamber, and more particularly, the invention relates 
to the introduction of clearance gas into a gap in a substrate holder to avoid polymer 
deposition on exposed surfaces of the substrate holder. 

Background of the Invention 

Vacuum processing chambers are generally used for chemical vapor depositing 
(CVD) and etching of materials on substrates by supplying process gas to the vacuum 
chamber and application of an RF field to the gas. Examples of parallel plate, 
inductively coupled plasma (TCP™, also called ICP), and electron-cyclotron resonance 
(ECR) reactors are disclosed in commonly owned U.S. Patent Nos. 4,340,462; 
4,948,458; and 5,200,232. The substrates are held in place within the vacuum 
chamber during processing by substrate holders. Conventional substrate holders 
include mechanical clamps and electrostatic clamps (ESC). Examples of mechanical 
clamps and ESC substrate holders are provided in commonly owned U.S. Patent No. 
5,262,029 and commonly owned U.S. Application No. 08/401,524 filed on March 10, 
1995. Substrate holders in the form of an electrode can supply radiofrequency (RF) 
power into the chamber, as disclosed in U.S. Patent No. 4,579,618. 

Substrates which are etched in an oxide etching process generally include an 
underlay er, an oxide layer which is to be etched, and a photoresist layer formed on 
top of the oxide layer. The oxide layer may be one of Si0 2 , BPSG, PSG, or other 
oxide material. The underlayer may be Si, TiN, silicide, or other underlying layer or 
substrate material. During processing of substrates, unwanted polymer deposition on 
the surfaces of the chamber can occur. For instance, when the chamber heats up to 
above 80 'C during oxide etching, a reaction can occur wherein CF 3 forms CF 2 and 
HF. The formation of CF 2 leads to an increase in polymer deposition on surfaces 
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within the chamber. These deposits may be removed between successive processing 
of wafers to provide more consistent processing of the wafers. 

During etching of a substrate such as a semiconductor wafer in a plasma 
reactor, the polymer can build up on the cooled, exposed surfaces of the chamber 

5 including exposed surfaces of a substrate support such as an electrostatic chuck and 
other surfaces such as a dielectric annular cap/focus ring surrounding the substrate 
support. This buildup may cause problems if it flakes off and is carried onto the top 
surface of the electrostatic chuck. These contaminants on the top surface of the chuck 
can prevent the chuck from operating properly to hold the wafer securely. In 

10 addition, the contaminants can allow helium which is supplied under the wafer as a 
cooling medium to leak from beneath the wafer and reduce the wafer cooling. The 
contaminants can also be deposited on and adversely affect the wafer itself. The 
buildup of polymer can be removed by a cleaning step performed between the 
processing of successive wafers. Generally, cleaning can be performed by injecting 

15 oxygen into the chamber, striking a plasma and reacting the oxygen with the deposited 
polymer to achieve an aggressive oxygen clean of the processing chamber. 

One area in which deposits of polymer can occur in a processing chamber is a 
narrow gap between the electrostatic chuck on which the wafer is supported and a 
focus ring which surrounds the electrostatic chuck. This gap allows for differences in 

20 manufacturing tolerances and thermal expansion of the chuck and focus ring. 

However, process gas and volatile byproducts within the chamber may migrate into 
the gap and cause undesirable polymer deposits in this area which may flake off and 
cause contamination of the wafer and/or chamber. 

The aggressive oxygen cleaning of the processing chamber is undesirable 

25 because it adds to the wafer cycle time, reducing through-put of the system. In 

addition, the aggressive oxygen clean will shorten the lives of members within the 
processing chamber including the electrostatic clamp and focus ring due to ion 
bombardment of these members. As such, it would be desirable if substrate 
processing could be carried out without a need for the aggressive oxygen cleaning step 

30 to thereby shorten cycle time and extend the life of chamber components. 



G314S3EA1J. > 



WO 98/14636 



PCT/US97/17663 



-3- 

Summarv of the Invention 

The present invention addresses the problem of deposition of polymer in a 
plasma processing chamber by providing a clearance gas stream which reduces 
polymer build-up on the substrate support. 
5 According to one aspect of the present invention, a plasma processing 

apparatus includes a processing chamber, a substrate support having an outer surface, 
a member such as a focus ring supported on and surrounding the outer surface, the 
member having an inner surface forming a narrow gap between the outer surface of 
the substrate support and the member, the gap being in fluid communication with an 

10 interior of the processing chamber, and a clearance gas supply in fluid communication 
with the gap supplying clearance gas to the gap to block the migration of process gas 
and volatile byproducts thereof into the gap. 

According to a further aspect of the present invention, a method of controlling 
polymer deposition within a plasma processing chamber includes placing a substrate 

15 on a substrate holder within the processing chamber, and introducing a clearance gas 
into a gap between the substrate holder and a member surrounding the substrate 
holder at a flow rate sufficient to prevent process gas in the processing chamber from 
passing into the gap. In the case of etching the substrate, the clearance gas flow rate 
is maintained below a level which would adversely affect edge etch performance. 

20 

Brief Description of the Drawings 

The invention will be described in greater detail with reference to the 
accompanying drawings in which like elements bear like reference numerals, and 
wherein: 

25 FIG. 1 is a cross sectional view of a vacuum processing chamber; 

FIG. 2 is an enlarged cross sectional view of a portion of FIG. 1 showing the 
space between the electrostatic chuck and the focus ring; and 

FIG. 3 is an enlarged cross sectional view of an alternative embodiment of the 
invention. 

30 
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Detailed Description of the Preferred Embodiments 

A vacuum processing chamber according to one embodiment of the present 
invention is illustrated in FIG. 1. The vacuum processing chamber 10 includes a 
substrate holder 12 including an electrode providing an RF bias to a substrate 
5 supported thereon. The substrate holder 12 includes an electrostatic clamp 14 for 
clamping the substrate. The substrate which is placed on the electrostatic clamp is 
preferably cooled by helium backcooling (not shown) provided between the substrate 
and the electrostatic clamp. A ceramic focus ring 16 surrounds the electrostatic clamp 
14. 

10 The vacuum processing chamber includes a source of energy for maintaining a 

high density (e.g. 10 n -10 12 ions/cm 3 ) plasma in the chamber such as an antenna 18 
(such as a planar spiral coil or other suitable design) which is positioned above the 
chamber and powered by a suitable RF source. A suitable RF impedance matching 
circuit inductively couples RF energy into the chamber 10 so as to provide a high 

15 density plasma. The chamber 10 also includes a suitable vacuum pumping apparatus 
for maintaining the interior of the chamber at a desired pressure (e.g. below 50 
mTorr, typically 1-20 mTorr). A dielectric window 20 (such as a uniformly thick and 
planar sheet of quartz, alumina, silicon nitride, etc.) is provided between the antenna 
18 and the interior of the processing chamber 10 and forms the vacuum chamber wall 

20 at the top of the processing chamber 10. A dielectric gas distribution plate, 

commonly called a showerhead 22, may be provided beneath the window 20 and 
includes a plurality of openings such as circular holes (not shown) for delivering 
process gas supplied by a gas supply to the processing chamber 10. However, the gas 
distribution plate 22 can be omitted and process gas can be supplied to the chamber 

25 by other arrangements such as gas rings, etc. 

FIG. 2 is an enlarged cross sectional view of an outer portion of the 
electrostatic chuck 14 and the focus ring 16 and illustrates a narrow space 30 (e.g., 
less than 1/4 inch) which is provided between the two members. The annular space 
30 provides clearance between an inner surface 46 of the focus ring and an outer 

30 surface 48 of the electrostatic chuck 14 to allow for manufacturing tolerances and the 
different thermal expansions of the elements. A substrate in the form of a 
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semiconductor wafer 32 is positioned on the electrostatic chuck 14 and held in place 
by a suitable electrostatic clamping force. A small vertical clearance space 34 is 
provided between an overhanging edge of the wafer 32 and a groove 36 provided in 
the edge of the focus ring 16. This vertical clearance space 34 is designed to prevent 
the overhanging edge of the wafer 32 from being lifted and thereby avoid a reduction 
in clamping force applied by the electrostatic chuck. 

According to the present invention, a flow of a clearance gas such as helium 
gas from a clearance gas supply 50 is provided to the annular space 30 to prevent 
entry of process gas and volatile byproducts thereof through the vertical clearance 
space 34 into the annular space 30. The flow of the clearance gas minimizes 
deposition of polymer within the annular space 30 which may flake off and be carried 
onto the top surface of the chuck or onto the substrate during processing. In this 
embodiment, the flow of the clearance gas is provided by a series of radially 
extending channels 38 in the electrostatic chuck 14. The channels 38 have orifices 40 
spaced around the circumference of the electrostatic chuck 14 and provide clearance 
gas to the annular space 30. As shown in FIG. 1, the channels 38 may be connected 
to an axially extending central passage 54 through which the clearance gas is 
delivered. While a series of radially extending clearance gas supplying channels are 
shown in FIG. 1, it should be understood that any clearance gas delivery arrangement 
is within the scope of the invention. 

As an example, clearance gas can be provided to the annular space 30 through 
eight radially extending channels 38. However, any number of channels or other 
arrangement of channels in the electrostatic chuck 14 may also be used to deliver the 
clearance gas to the annular space 30. Further, one or more clearance gas delivery 
channels may be formed in the focus ring for delivery of clearance gas to the annular 
space 30 or helium can be supplied to the space 30 through supply passages in the 
chuck 14 and ring 16. 

According to the present invention, a clearance gas flow rate is used which is 
sufficiently high to block migration of process gas and volatile byproducts thereof into 
the annular space 30 from the processing chamber. However, in the case of plasma 
etching, it is preferred that the gas flow rate must not be so high as to adversely affect 
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edge etch performance by the presence of a gas expansion plume at the edge of the 
substrate. An example of an appropriate helium gas flow rate during oxide etching is 
40 to 120 standard cubic centimeters per minute (SCCM), preferably 60 to 100 
SCCM, and more preferably around 75 to 85 SCCM, and will depend on the 

5 particular dimensions and application of a particular processing chamber. In one 
tested processing chamber configuration for oxide etching 200 cm wafers, 80 SCCM 
of helium gas was found to accomplish the required exclusion of process gas yet did 
not disturb the processing of the wafer. 

According to the embodiment of the invention shown in FIG. 2, the flow of 

10 clearance gas is provided by a fixed pressure clearance gas supply 50. The gas flow 
rate can also be controlled by insertion of hollow screws 42 into the orifices 40. For 
instance, the hollow screws can be provided with a jewel orifice plate 44 which has 
an opening with a desired diameter to achieve the desired gas flow rate into the 
annular space. The diameter of the opening in the orifice plate which is selected to 

15 achieve the desired flow rate will depend on various process conditions such as the 
type of process being carried out (etching, deposition, photoresist stripping, etc.), the 
pressure of the clearance gas supply, the size of the annular space, and the number of 
channels 38, etc. 

According to another embodiment of the invention, as shown in FIG. 3, a 
20 mass flow controller 52 is connected to the clearance gas supply 50 for varying the 
gas flow rate to the channels 38. In this embodiment, the hollow screws 42 with the 
jewel orifice plates 44 may be omitted because the flow rate is easily controlled either 
manually or automatically by the mass flow controller. In this embodiment, the 
orifices 40 have a constant diameter. 
25 Although the invention has been described as employing helium gas for 

preventing process gas from entering the annular space 30, it should be understood 
that helium gas has been used by way of example only. Other gasses may also be 
used provided they will not affect the wafer processing operation which is being 
performed within the processing chamber. 
30 While the invention has been described in detail with reference to a preferred 

embodiment thereof, it will be apparent to one skilled in the art that various changes 
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can be made, and equivalents employed without departing from the spirit and scope of 
the invention. 
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CLAIMS : 

1. A plasma processing apparatus comprising: 
a processing chamber; 

5 a power source which energizes process gas in an interior of the 

processing chamber into a plasma state for processing a substrate; 

a substrate support which supports a substrate within the interior of the 
processing chamber, the substrate support having an outer surface; 

a member surrounding the substrate support, the member having an 
10 inner surface forming a gap between the outer surface of the substrate support and the 
member, the gap being in fluid communication with the interior of the processing 
chamber; and 

a clearance gas supply in fluid communication with the gap and which 
supplies clearance gas to the gap to block migration of process gas and volatile 
15 byproducts thereof into the gap during processing of the substrate. 

2. The plasma processing apparatus according to Claim 1, wherein the 
power source comprises a coil which inductively couples the RF power through a 
dielectric window and into the processing chamber. 

20 

3. The plasma processing apparatus according to Claim 1, wherein the 
clearance gas supply supplies helium to the gap. 

4. The plasma processing apparatus according to Claim 1, wherein the 
25 clearance gas supply supplies the clearance gas at a flow rate of 60 to 100 seem. 

5. The plasma processing apparatus according to Claim 1, wherein the 
clearance gas supply includes a plurality of gas passages having outlets in the gap. 

30 6. The plasma processing apparatus according to Claim 5, wherein the 

clearance gas passages are provided with flow restricting portions for controlling the 
flow rate of the clearance gas. 
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7. The plasma processing apparatus according to Claim 5, wherein the 
clearance gas passages are provided in the substrate support. 

8. The plasma processing apparatus according to Claim 1, wherein the 
member comprises a ceramic focus ring and the gap is less than 1/4 inch between the 
inner and outer surfaces. 

9. The plasma processing apparatus according to Claim 1 , wherein the 
substrate support comprises an electrostatic chuck. 

10. A substrate support for a plasma processing apparatus having a 
processing chamber and a power source which energizes process gas in an interior of 
the processing chamber into a plasma state for processing a substrate, the substrate 
support comprising: 

a substrate support surface which supports a substrate within the 
interior of the processing chamber, the substrate support having an outer surface; 

a member supported on and surrounding the substrate support surface, 
the member having an inner surface forming a gap between the outer surface of the 
substrate support and the member, the gap being in fluid communication with the 
interior of the processing chamber when the substrate support is mounted in the 
processing chamber; and 

a clearance gas supply in fluid communication with the gap and adapted 
to supply clearance gas to the gap at a flow rate which is sufficient to block migration 
of process gas and volatile byproducts thereof into the gap during processing of a 
substrate supported on the substrate support surface. 

11. The substrate support according to Claim 10, wherein the substrate 
support comprises an electrostatic chuck and the member comprises a ceramic focus 
ring. 

12. The substrate support according to Claim 10, wherein the clearance gas 
supply includes a plurality of gas passages having outlets in the gap. 

P31463GA1 J_> 
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13. The substrate support according to Claim 12, wherein the clearance gas 
passages are provided with flow restricting portions for controlling the flow rate of 
the clearance gas. 

5 14. The substrate support according to Claim 12, wherein the clearance gas 

passages are provided in the substrate support. 

15. A method of controlling polymer deposition within a plasma processing 
chamber comprising: 

10 placing a substrate on a substrate holder within the processing chamber; 

energizing process gas in an interior of the processing chamber into a 
plasma state for processing the substrate; and 

introducing a clearance gas into a gap between the substrate holder and 
a member supported by and surrounding the substrate holder, the clearance gas being 
15 supplied at a flow rate sufficient to minimize migration of process gas and volatile 
byproducts thereof into the gap. 

16. The method according to Claim 15, wherein the substrate is held in 
place within the processing chamber by an electrostatic chuck, and the process gas is 

20 energized into the plasma state by a power source which supplies RF power to a coil 
which inductively couples the RF power through a dielectric window and into the 
processing chamber. 

17. The method according to Claim 15, wherein the clearance gas 
25 introduced into the gap comprises helium. 

18. The method according to Claim 15, wherein the clearance gas is 
introduced at a flow rate of 60 to 100 seem. 

30 19. The method according to Claim 15, wherein the clearance gas flows 

into the gap through a plurality of passages having outlets in the gap. 
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20. The method according to 
the process gas and the clearance gas is 
adversely affect etch edge performance. 
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Claim 15, wherein the substrate is etched by 
supplied at a flow rate which does not 
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